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doi:10.1016/j.jmu.2011.01.003Urate crystal deposition in the joints is the hallmark of gout. The aim of our study is to deter-
mine the characteristic sonographic features of gouty arthritis, and to evaluate the utility of
ultrasonography (US) in diagnosing gouty arthritis. Eighty patients with acute mono- or oligoar-
thritis who underwent US-guided joint aspiration for diagnostic purposes at our rheumatology
division between March 2009 and March 2010 were enrolled. To compare the sonographic
images of gouty and nongouty arthritis, US examinations were performed using a Philips EnVi-
sor series ultrasound machine (Philips Medical Systems, USA) equipped with a 5e12 MHz linear
transducer. Thirty-four patients had gouty arthritis (52 involved joints) and 46 patients had
nongouty arthritis (52 involved joints). The most common joint sites were the knee and ankle
in both groups. Hyperechoic deposition on the surface of the articular hyaline cartilage,
namely, a double contour sign, suggested gout with a sensitivity of 36.8% and a specificity of
97.3%. Hyperechoic deposition in the synovium appearing as bright stippled foci, suggested
gout with a sensitivity of 76.9% and a specificity of 65.4%. While considering both signs concur-
rently in diagnosing gouty arthritis, the specificity was 100%. The sonographic features of hy-
perechoic aggregations in synovial effusion, bone erosion, and synovial vascularity scores had
no significant difference between gouty joints and nongouty joints. Double contour sign is
specific to gout. The presence of both double contour sign and bright stippled foci indicates
gouty arthritis among patients with acute mono- or oligoarthritis. US may play a relevant role
in diagnosing gouty arthritis.
ª 2011, Elsevier Taiwan LLC and the Chinese Taipei Society of Ultrasound in Medicine.
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Gout is a common arthritic disorder that affects about 1% of
the population. The prevalence is higher in men and
increases with age. The pathogenesis of gout includes
disturbed purine metabolism, decreased renal excretion of
uric acid, increased blood uric acid levels, and deposition of
monosodium urate (MSU) crystals in the joints and soft
tissues [1]. The typical presentation of gout is episodic
acute monoarthritis of the first metatarsophalangeal joint
(MTP) with overlying erythema. As the disease progresses,
the clinical presentation may become atypical; for
instance, polyarticular attacks involving the hand joints and
prolonged duration of arthritis [2]. The gold standard
method for diagnosing gout is needle aspiration of joint
effusion and identification of MSU crystals by polarizing
microscopy [3]. However, arthrocentesis is not performed
in a subset of arthritic patients, and these patients often
receive empiric treatment with an indefinite diagnosis.
A simple X-ray of the involved joint is usually the first and
the only image study performed in gouty patients, but the
sensitivity has been reported to be as low as 31% [4]. Typical
X-ray features of gout include well-defined “punch out”
periarticular erosions with overhanging edges. This damage
would only be noted in radiographs obtained 6e12 years
after the initial acute attack [5]. Computed tomography (CT)
and magnetic resonance image (MRI) have been used for the
evaluation of gout, with the advantages of early detection of
tophi and bone erosion. However, the disadvantages include
inconvenience (CT, MRI), exposure to radiation (CT), high
cost (MRI), and lack of specificity (MRI) [6].
Ultrasonography (US) is a useful assessment tool in
a variety of joint diseases. It provides assistance in disease
diagnosis, outcome measurement, and guidance of aspira-
tion and local injection. US has been reported to be
a valuable modality for diagnosing gout [4,7e10] as it could
detect early deposition of MSU crystals in some joint
structures, such as the surface of hyaline cartilage and the
synovium. US can also be used for the evaluation of synovial
thickness, synovial effusion, and bone erosion. Synovial
inflammation could be assessed by power Doppler US.
However, the diagnostic value of US for gout varies across
different studies; hence, additional studies are needed to
confirm the utility of US in diagnosing gout [6]. The aim of
our study was to determine the characteristic sonographic
features of gouty arthritis and to evaluate the diagnostic
value of US for gouty arthritis.
Patients and Methods
Patients
This is a retrospective study approved by our Institutional
Review Board. In total, 80 patients with active arthritis
who underwent US-guided joint aspiration at our rheu-
matology division between March 2009 and March 2010
were enrolled. The patients had acute or subacute onset
of mono- or oligoarthritis. The definition of arthritis was
joint swelling, usually accompanied with local heat and
tenderness. All scanned joints were aspirated for synovial
fluid analysis. After US examinations, the diagnoses weremade according to the results of synovial fluid analysis
and the relevant clinical and laboratory findings. For
instance, the diagnosis of gouty arthritis was established
when synovial fluid analysis showed the presence of MSU
crystals on polarizing microscopy. In a patient with oli-
goarthritis, if at least one joint showed intracellular MSU
crystals, all inflamed joints would be considered as gouty
arthritis.
Thirty-four patients had gouty arthritis and the other 46
patients had nongouty arthritis, which included patients
with diagnoses of calcium pyrophosphate dihydrate (CPPD)
deposition disease (nZ 5), septic arthritis (nZ 14), rheu-
matoid arthritis (RA) (nZ 4), osteoarthritis (nZ 5), spon-
dyloarthropathy (nZ 2), and other inflammatory arthritis
(nZ 16). Fifty-two symptomatic joints of 34 gouty patients
were examined by US, and 52 symptomatic joints of 46
nongouty patients were examined in the comparator group.
The serum uric acid level was measured using a commercial
kit (Quick Auto Neo UA II; Shino-Test Corporation, Japan)
during the period of active arthritis in gouty patients. The
highest serum uric acid level in the past and the known
duration of hyperuricemia were obtained by reviewing the
patients’ medical charts.
US image acquisition
US examinations were performed using a Philips EnVisor
series ultrasound machine (Philips Medical Systems, USA)
equipped with a 5e12 MHz linear transducer. Power Doppler
US was performed as sensitively as possible for slow blood
flow (frequency: 12 MHz, pulse repetition frequency:
0.6 KHz). The color gain of power Doppler US was adjusted to
optimize the flow image, in which all color noise dis-
appeared. The US scans were performed using the published
guidelines for patient positioning and standard scans [11].
US image interpretation
In this study, five US findings suggestive of gouty arthritis
were analyzed. The first was a hyperechoic deposition on
the surface of the hyaline cartilage that formed an irregular
hyperechoic band paralleling the bone contour, namely,
a double contour sign (Fig. 1). The second was a hyper-
echoic deposition in the synovium. One form was bright
stippled foci representing punctiform urate deposition
(Fig. 2), and another form was a hyperechoic area with
a hypoechoic rim suggestive of tophus (Fig. 3). The third
was hyperechoic aggregations in the synovial effusion
(Fig. 2). The fourth was bone erosion (Fig. 3), and the fifth
was synovial hypervascularity at power Doppler US (Fig. 4).
We applied the semiquantitative power Doppler scoring
system with a 4-point scale to assess the degree of synovial
hypervascularity. A score of 0 was defined as normal (no
additional flow), a score of 1 was defined as slightly
increased vascularity (single vessel dot), a score of 2 was
defined as moderately increased vascularity (several vessel
dots partially confluent), and a score of 3 as strongly
increased vascularity (confluent vessel dots covering more
than half the area of the synovium) [12].
A rheumatologist certified in musculoskeletal US (K-L
Lai) performed the US examinations while blinded to the
Fig. 1. Ultrasonography of the knee. (A) Suprapatellar,
transverse view in flexion with a double contour sign. Urate
deposition on the surface of an anechoic hyaline cartilage
formed a hyperechoic irregular band (arrows) paralleling the
bony contour of the distal femur in a 51-year-old man with
gouty arthritis. (B) In a control patient with nongouty arthritis,
an interface reflex artifact on hyaline cartilage formed
a hyperechoic regular line (arrowhead). Typically, it is thinner
than the bony contour.
Fig. 2. An 82-year-old woman with left knee gouty arthritis.
Punctiform urate deposition in the thickened synovium
appeared as bright stippled foci (arrow). A hyperechoic
aggregation in the synovial effusion (arrowhead).
Fig. 3. A 61-year-old man with left second meta-
carpophalangeal joint gouty arthritis. Longitudinal sonographic
image at dorsal aspect showed a heterogeneous mass with
hyperechoic and hypoechoic areas (arrowheads) and a hypo-
echoic rim suggestive of tophus. A bone erosion over the
metacarpal head (arrow).
Role of Ultrasonography in Diagnosing Gouty Arthritis 9patients’ clinical data. To test the intraobserver corre-
lation, each digitally stored US image was re-read again
at least 1 month later. To test the interobserver corre-
lation, the digitally stored US images were reviewed by
a second rheumatologist with 7 years of US experience
(Y-M Chiu) who was also blinded to the patients’ diag-
noses. The review by the second rheumatologist included
assessment of the presence of a double contour sign,
bright stippled foci, hyperechoic aggregations in synovial
effusion and bone erosion, and assessment of synovial
vascularity scores.
Statistical analysis
All statistical analyses were computed using SPSS version
13.0 (SPSS Inc., Chicago, IL, USA). Quantitative variables
were expressed as the median [interquartile (IQ) range] and
compared using Mann-Whitney U test. Qualitative variables
were compared using c2 tests, and with Fisher’s exact test,
when appropriate. Synovial vascularity scores were
expressed as the mean (standard deviation), and compared
using Mann-Whitney U test. All statistical analyses were two
Fig. 4. A 73-year-old woman with right wrist gouty arthritis.
Radial longitudinal view. Power Doppler ultrasonography
revealed slightly increased synovial vascularity (Score 1, single
vessel dot).
10 K.-L. Lai, Y.-M. Chiutailed, and p values less than 0.05 were considered signif-
icant. Inter- and intraobserver correlations were assessed
using the kappa statistic.
Results
Demographic features
The demographic features of 80 patients were summarized
in Table 1. Twenty-eight (82.4%) of the 34 patients with
gouty arthritis were male, whereas 22 (47.8%) of the 46
patients with nongouty arthritis were male (p< 0.005). The
median ages of patients with gouty arthritis and nongouty
arthritis was 74.0 years (IQ range, 63.5e80.8 years) and 66.0
years (IQ range, 52.8e76.0 years), respectively (pZ 0.06).
The median serum uric acid level in gouty patients was
7.0 mg/dL (IQ range, 6.4e8.7 mg/dL; minimumZ 3.5 mg/
dL, maximumZ 14.8 mg/dL) during the period of active
arthritis, whereas themedian of the highest historical serumTable 1. Demographic features of patients
Demographic features Patients with gouty arthritis
No. of patients 34
Sex (female/male) 6/28
Age (yr) [median (IQ range)] 74.0 (63.5e80.8)
No. of joints examined 52
Joint site (n) Knee (24), ankle (12), wrist (5), elb
MCP (3), MTP (2), and shoulder (1)
* The diseases of 46 nongouty patients included calcium pyrophosph
rheumatoid arthritis (nZ 4), osteoarthritis (nZ 5), spondyloarthropa
IQZ interquartile; MCPZmetacarpophalangeal joint; MTPZmetatauric acid level was 10.5 mg/dL (IQ range, 9.2e12.5 mg/dL;
minimumZ 6.7 mg/dL, maximumZ 14.8 mg/dL). The
median duration of hyperuricemia history in gouty patients
was 8.0 years (IQ range, 3.0e8.7 years; minimumZ 0.1
years, maximumZ 11 years).
In total, 52 symptomatic joints of 34 gouty patients were
examined, which included knee (nZ 24), ankle (nZ 12),
wrist (nZ 5), elbow (nZ 5), metacarpophalangeal joint
(nZ 3), MTP (nZ 2), and shoulder (nZ 1). In total, 52
symptomatic joints of 46 nongouty patients were exam-
ined, which included knee (nZ 32), ankle (nZ 7), shoulder
(nZ 5), elbow (nZ 4), and wrist (nZ 4).Sonographic features of gouty arthritis and
nongouty arthritis
Table 2 summarizes the differences of sonographic findings
between gouty arthritis and nongouty arthritis. Hyper-
echoic deposition on the surface of hyaline cartilage,
namely, a double contour sign, was significantly more
prevalent in gouty joints than in nongouty joints (36.8% vs.
2.7%, p< 0.001). The specificity of the double contour sign
was high (97.3%). The positive predictive value, negative
predictive value, and accuracy of the double contour sign
were 93.3%, 60.0%, and 66.7%, respectively (Table 3). The
proportion of double contour sign-positive joints to the
total number of scanned joints in a gouty patient varied
from 33.3% to 100%. In nongouty joints, a double contour
sign only presented in one ankle joint with inflammatory
osteoarthritis. Because the significantly unequal gender
distribution between gouty and nongouty groups may be
a confounding factor, we used stratified analysis to assess
the association of the double contour sign with gouty
arthritis. In this analysis, the presence of a double contour
sign was significantly associated with gouty arthritis in both
male patients and female patients (both p< 0.05).
Punctiform hyperechoic depositions in synovial
membranes, which appeared as bright stippled foci, were
significantly more prevalent in gouty joints than nongouty
joints (76.9% vs. 34.6%, p< 0.001). The specificity, positive
predictive value, negative predictive value, and accuracy
of bright stippled foci were 65.4%, 69.0%, 73.9%, and 71.2%,
respectively. While considering both double contour sign
and bright stippled foci concurrently in diagnosing gouty
arthritis, the specificity was 100% and the sensitivity was
23.7%. Bright stippled foci also presented in 6 of the 8 jointsPatients with nongouty arthritis* p
46
24/22 0.002
66.0 (52.8e76.0) 0.06
52
ow (5), Knee (32), ankle (7), shoulder (5), elbow (4),
and wrist (4)
ate dihydrate deposition disease (nZ 5), septic arthritis (nZ 14),
thy (nZ 2), and other inflammatory arthritis (nZ 16).
rsophalangeal joint.
Table 2. Comparison of sonographic findings between gouty and nongouty arthritis
Sonographic findings Gouty arthritis (nZ 52) Nongouty arthritis (nZ 52) p
Hyperechoic deposition on cartilage surface
(n positive/n examined) (%)
14/38 (36.8) 1/37 (2.7) <0.001
Hyperechoic deposition in synovial membrane
(n positive/n examined) (%)
40/52 (76.9) 18/52 (34.6) <0.001
Hyperechoic aggregations in synovial effusion
(n positive/n examined) (%)
12/47 (25.5) 9/50 (18.0) 0.37
Bone erosion (n positive/n examined) (%) 6/52 (11.5) 2/51 (3.9) 0.14
Synovial vascularity score [mean (SD)] 1.6 (0.8) 1.7 (0.7) 0.54
SDZ standard deviation.
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arthritis, 1 of the 7 joints with RA, and 6 of the 16 joints
with other inflammatory arthritis. Another form of synovial
hyperechoic deposition, which appeared as a hyperechoic
area with a hypoechoic rim, was observed in 6 of the 52
gouty joints but in none of the nongouty joints.
Hyperechoic aggregations in synovial effusion were
found in 12 (25.5%) of the 47 gouty joints and 9 (18.0%) of
the 50 nongouty joints (pZ 0.37). Bone erosions were
found in 6 (11.5%) of the 52 gouty joints and 2 (3.9%) of the
51 nongouty joints (pZ 0.14). The mean synovial vascu-
larity scores in gouty and nongouty joints was 1.6 (0.8) and
1.7 (0.7), respectively (pZ 0.54).
The interobserver correlation was excellent for the
double contour sign (kZ 0.86) and bone erosion (kZ 0.86)
and was good for bright stippled foci (kZ 0.73), hyper-
echoic aggregations in synovial effusion (kZ 0.71), and
synovial vascularity score (weighted kZ 0.67). The intra-
observer correlation was excellent for the double contour
sign (kZ 1.00), bone erosion (kZ 1.00), bright stippled
foci (kZ 0.88), hyperechoic aggregations in synovial effu-
sion (kZ 0.81), and synovial vascularity score (weighted
kZ 0.83).Discussion
High-resolution US has been an impressive assessment tool
in rheumatology over the past decade. A growing number of
rheumatologists use US in diagnosis, monitoring, interven-
tion, and research. US is superior to physical examination in
the detection of joint effusion and synovitis and is the
image modality of choice for the evaluation of tendon
pathology [13]. US is capable of detecting more bone
erosion than plain radiography in early RA [14]. The accu-
racy of joint aspiration and injection is improved by USTable 3. Values of sonographic signs in diagnosing gouty arthri
Sonographic signs DCS
Sensitivity (%) 36.8
Specificity (%) 97.3
Positive predictive value (%) 93.3
Negative predictive value (%) 60.0
DCSZ double contour sign; BSFZ bright stippled foci.guidance [15]. US has the advantages of high resolution and
real-time imaging and is portable, repeatable, nonradio-
active, and inexpensive.
Gout is a disease characterized by MSU crystal deposition
in articular and periarticular structures, resulting in soft
tissue inflammation. Sonographically, gouty tophi are
described as heterogeneous masses containing hypoechoic
and hyperechoic areas, with more of them being hyper-
echoic, occasionally generating posterior acoustic shadows
[16]. The sonographic signs of gout include a hyperechoic
surface of hyaline cartilage, hyperechoic spots and bands
within soft tissues, a “snowstorm” appearance of synovial
effusion, and bone erosion [8,10]. Radiography is commonly
used in clinical practice, and the radiographic signs of gout
include soft tissue opacification and articular and peri-
articular bone erosion with overhanging edges [4].
However, radiography can only detect the signs of gout in
advanced cases, with a limited sensitivity of 31%. In
comparison with radiography, US is better in detecting the
signs of gout, especially in the early stage of disease, with
a sensitivity of up to 96% [4].
The double contour sign describes the deposition of MSU
crystals on cartilaginous surfaces that form an irregular
hyperechoic band paralleling the bone contour. Typically,
the hyperechoic band is as bright as the bony contour.
Because of the deposition of MSU crystals, the reflectivity
of the chondrosynovial interface is no longer dependent on
the angle of insonation, and a panoramic visualization of
the full chondrosynovial interface can be easily ascertained
[8]. The mechanism of MSU deposition on the surface of
hyaline cartilage is not clear. The components of hyaline
cartilage, such as chondroitin sulphates and phosphatidyl-
choline, have been reported to foster MSU crystals in vitro
[17]. The double contour sign is highly specific to gout, with
a specificity of 99%e100% [7,9] and 97.3% in our study; thus,
it could provide a diagnostic tool for gout. However, thetis
BSF DCS or BSF DCS and BSF
76.9 86.5 23.7
65.4 63.5 100
69.0 70.3 100
73.9 82.5 56.1
12 K.-L. Lai, Y.-M. Chiusensitivity of the double contour sign varies in different
studies. Thiele and Schlesinger [7] evaluated the double
contour sign in 37 gouty joints, of which most were MTP
joints and reported a sensitivity of 92%. Filippucci et al [9]
reported a sensitivity of 43.7% for the double contour sign
in 32 gouty knee joints. In our study, the sensitivity of the
double contour sign was 36.8% in gouty joints, most of
which were knee joints. The MTP joint is usually the first
joint involved in gout, with microtophi deposition in early
disease, which contributes to a higher prevalence of the
double contour sign than other joints. In addition to joint
site, the severity and duration of hyperuricemia may affect
the sensitivity of the double contour sign because more MSU
crystal deposition occurs in advanced gout.
The deposition of MSU crystals in the synovium generates
two image signs: bright stippled foci (punctiform urate
deposits) and hyperechoic areas (tophi). The sensitivity and
specificity of bright stippled foci in gouty joints have been
reported to be 80% and 75%, respectively [4]. The sensi-
tivity and specificity of hyperechoic areas in gouty joints
have been reported to be 79% and 95%, respectively [4].
Puig et al [18] reported that urate deposits in the synovium,
tendons, and other soft tissues of knees and ankles were
detected in 12 (34%) of 23 male patients with at least a 2-
year duration of asymptomatic hyperuricemia. In our study,
the sensitivity and specificity of bright stippled foci in gouty
joints were 76.9% and 65.4%, respectively.
In comparison with the double contour sign, the sign of
bright stippled foci is more sensitive to gout; however, its
low specificity limits its clinical utility. Our data showed
that bright stippled foci were also observed in several
nongouty conditions, including CPPD deposition disease,
septic arthritis, RA, and other inflammatory arthritis. In
these nongouty conditions, bright stippled foci represented
punctiform calcifications. The factors affecting the sensi-
tivity of bright stippled foci in gouty joints are similar to
those for the double contour sign. Furthermore, the quality
of US equipment plays a role in determining the sensitivity
of bright stippled foci because this sign in patients with
gout may not be as easily detected by low-quality US
equipment [8].
Hyperechoic aggregations in synovial effusion were
observed in both gouty and nongouty joints with similar
prevalence (25.5% vs. 18.0%, pZ 0.37). Hyperechoic
aggregations in synovial effusion of nongouty joints repre-
sented calcified particles. Bone erosion is a feature of
advanced gout. In comparisonwith X-ray, US can detect bone
erosion more sensitively [4,10]. However, bone erosion also
presented in several nongouty forms of arthritis, such as RA
and spondyloarthropathy. In our study, the prevalence of
bone erosion in gouty joints was comparable with that in
nongouty joints (11.5% vs. 3.9%, pZ 0.14).
Synovial hypervascularity is a sign of active synovitis;
however, it is a nonspecific sign as it does not indicate the
cause of synovial inflammation. The degree of synovial
hypervascularity could be assessed by power Doppler US
using a semiquantitative scoring system with a 4-point scale
[12]. In our study, the mean synovial vascularity score in
gouty joints was similar to that in nongouty joints [1.6 (0.8)
vs. 1.7 (0.7), pZ 0.54]. We could not differentiate gouty
arthritis with nongouty arthritis by the synovial vascularity
score.This study has some limitations. First, most of the
involved joints in our patients were knees and ankles. Joint
site affects the sensitivity of the double contour sign;
hence, our data may not reflect the sensitivity of the
double contour sign at other joint sites. Second, longer
duration of disease and higher levels of hyperuricemia may
theoretically contribute to the higher prevalence of the
double contour sign and bright stippled foci in gout. This
factor should be considered when applying our data to
different patient groups. Third, all patients had active
arthritis in this study; hence, our results may not be
applicable to patients with asymptomatic gout. Fourth, the
diagnostic criterion of gouty arthritis used in our study was
highly specific but less sensitive. The sensitivity of micro-
scopic examination of synovial fluid for MSU crystals has
been reported to be 78% [19]. Although certain clinical
presentations, which are characteristic of gout, have been
undertaken to diagnose gout without joint aspiration [20],
the standard criterion for the diagnosis of gout remains the
presence of MSU crystals in the synovial fluid from the
inflamed joint.
In conclusion, our study reconfirms the diagnostic value
of the double contour sign as it is specific to gout. The
presence of both double contour sign and bright stippled
foci indicates gouty arthritis among patients with acute
mono- or oligoarthritis. US may play a relevant role in
diagnosing gouty arthritis.References
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